Endogenous hypercortisolaemia is an uncommon problem in children. It can occur in a number of clinical entities, both pathologic and non-pathologic. An extremely elevated serum cortisol concentration is even more rarely seen. We describe a patient with a massively elevated serum cortisol concentration secondary to stress.
CASE HISTORY
The patient was a male Hispanic infant, born after an uncomplicated full-term gestation at UCLA Medical Center by spontaneous vaginal delivery. At birth he weighed 2·9 kg (lo-25th percentiles), and was 47 em long (5-10th percentiles). At age 8 months, his oral intake was noted to decrease. Four days later he developed a cough and had a rectal temperature 39·4°C. There was no associated vomiting or diarrhoea. He was not receiving supplemental water. He had been wetting four nappies per day compared to 6 per day when he was well.
Three days later he was brought to an outside emergency facility where he was noted to have respiratory distress, tachycardia, blood pressure of 84{69mmHg, rectal temperature of 39'5°C, and mottled skin. His weight was 4·3 kg (10-25th percentiles), length 55 cm (5-lOth percentiles) and head circumference 33·5cm (10th percentile). Other significant features of the physical examination included: anterior fontanel not sunken; no facial dysmorphism; moderately dry mucous membranes; right basilar rales; no murmur; soft abdomen with absent bowel sounds and no masses; extremities cool peripherally, but with normal capillary refill; penis of normal size; bilaterally descended testes (2 mL); and no hyperpigmentation of the mucous membranes skin folds, areolae, or genital skin. He became apnoeic during investigation of sepsis, and received positive pressure ventilation for 2 min, after which he started breathing Correspondence: Mitchell E Geffner, 164 spontaneously. He received volume expansion, ceftriaxone, and ampicillin, but no glucocorticoid. His urine output was adequate. His initial laboratory evaluation revealed: serum sodium 103 mmolJL, potassium 5·1 mmol/L, chloride 59 mmol/L, bicarbonate 20 mmolJL, urea 6·8 mmol{L, creatinine 88 J.lmolJL, glucose 8·3 mmol{L, and anion gap 21. An arterial blood gas showed: pH 7'23, pC0 2 6·7 kPa, and base excess -6·6 mmolJL. The complete blood count revealed: white blood count 28·8 x 109{L, haemoglobin 5'5mmol{L, haematocrit 0,27, and platelets 622 x 109{L. The white cell differential included 5% polymorphonuclear leucocytes, 32% band forms, 49% lymphocytes, and 2% eosinophils, Urinalysis showed specific gravity 1·020, pH 5·0, blood 3 +, protein 2 +, no ketones, and no cells. A chest radiograph demonstrated diffuse haziness and a right-lower-lobe infiltrate.
After 4 h, he was transferred to our paediatric intensive care unit at which time the following laboratory results were obtained: sodium III mmol{L, potassium 3·9 mmol/L, chloride 63 mmol/L, bicarbonate 27 mmol/L, and glucose 1·4mmol{L.
HOSPITAL COURSE
The findings of hyponatraemia and hypoglycaemia in the setting of severe illness led to an evaluation of the hypothalamic-pituitary-adrenal axis. Given that there was no hyperkalaemia, normal mineralocorticoid production was likely. To determine whether there were an abnormality of cortisol production or function, serum cortisol was measured (GammaCoat [ 1251] Radioimmunoassay Kit (Incstar Corporation, Stillwater MN)) immediately before and 30 min after stimulation with 250 J.lg of ACTH [cx l -24 Cosyntropin, Cortrosyn (Organon, West Orange, NI, USA)]. Unexpectedly, the baseline serum cortisol concentration was markedly elevated (13 400 nmol{L) and showed no response to ACTH stimulation. A random serum 17cx-hydroxyprogesterone level was elevated, but ·Pre-ACTH. 'Post-ACTH. 'Given on days 5-11. Dexamethasone 0.7 rag/day was given on days 5-11.
·Mean ± standard deviation or range in nmol/L. caemia. Exogenous administration of glucocorticoids cannot be absolutely excluded as an explanation for the hypercortisolaemia, but is less likely in view of the markedly elevated serum 17 a-hydroxyprogesterone concentration on day 5 which suggests heightened endogenous adrenocortical activity. Physiologic stress can cause augmented cortisol secretion leading to high serum cortisol levels, and extreme stress can produce markedly to a much lesser degree than the serum cortisol. Multiple blood cultures and the tracheal aspirate grew Staphylococcus aureus.
Following 5 days of antibiotic treatment, the serum cortisol concentration fell to 662 nmol/L, Following dexamethasone (O'7mgjday for 7 days), the serum cortisol concentration fell further to 88 and 121 nmol/L, His serum cortisol concentration subsequently returned to normal. A summary of his endocrinologic studies appears in Table 1 . Subsequently his sweat chloride concentration was found to be very elevated on two occasions [106 and 136mmol/L (normal D-40mmol/L)], and he was diagnosed as having cystic fibrosis. His subsequent course included re-admission to the intensive care unit for Pseudomonas aeruginosa pneumonia, and three hospital admissions (one for respiratory syncytial virus pneumonia and two for severe reactive airway disease), consistent with the diagnosis of cystic fibrosis.
DISCUSSION
Endogenous hypercortisolaemia of a moderate degree has been described in a number of clinical entities ( Table 2 ). Our patient's clinical and laboratory data excluded these diagnoses. His clinical picture was most consistent with stressinduced hypercortisolaemia secondary to septi- elevated cortisol levels. This results from both increased production as well as decreased hepatic extraction resulting in a prolonged half-life of cortisol.' Nickels and Moore? studied the adrenocorticol response to a variety of febrile illnesses in children. The overall mean change in magnitude of the serum cortisol concentration was 3'6-fold above normal. The greatest response was fivefold, which was seen in patients with bacterial meningitis, pneumonia, and fever of unknown origin. The mean peak serum cortisol concentrations for the latter two diagnoses were 1060 and 890 nmol/L, respectively. The single patient with bacterial meningitis had a peak serum cortisol concentration of 1820 nmol/L, More recently, Levine et at.3 reported urinary free cortisol excretion of up to 15 times the upper limit of normal in children undergoing cardiothoracic surgery and in those with multiple trauma. Togari et al. 4 investigated the interaction of endotoxin with cortisol and acute-phase proteins in neonates, including 13 infants (gestational age 28--40weeks) with septic shock. Seven had positive bacterial cultures and the remainder had evidence of infection based on the presence of acute-phase proteins. The serum cortisol concentration (mean ± standard deviation (SD» of those with endotoxaemia was 2540± 171Onmol/L, while that of patients with a negative endotoxin assay was 1100 ± 660 nrnol/ L. A significant correlation was found between the serum cortisol concentration and the immature neutrophil count. It is notable that the highest cortisol concentration was 6350 nmol/L, Schien et al? studied the adrenocortical response to septic shock in a group of 37 adults (mean age 53 years). Plasma cortisol concentrations were markedly elevated with a median value of 1400 nrnol/L (range 430 to 11000 nmol/L), There was a significant difference in cortisol concentrations with respect to the type of infectious agent; patients with Gram-positive infections had a median concentration of 2290 nrnol/L, while those with Gram-negative infections had a median concentration of l200nmol/L. The authors point out that because of the decline in accuracy with the number of serial dilutions necessary to measure serum cortisol concentrations greater than 11000 nmol/L in their assay, values greater than 11000 nmol/L were reported as 11000 nmol/L, Our patient's serum cortisol concentration is higher than any previously reported in the Ann Clin Biochem 1996: 33 literature. We are justified in reporting cortisol concentration greater than 11 000 nrnol/L, because, after the discovery of markedly elevated concentrations, specimens were re-analysed after accurate dilution. In addition, it is noteworthy that our patient had a Gram-positive infection, which, at least in the study of Schein et al., 5 was associated with the highest cortisol concentration. Our patient also had a high immature neutrophil count as has been reported in other patients with stress-induced hypercortisolaernia." With resolution of shock and effective treatment of sepsis, our patient's serum concentration returned to norma1. No intrinsic association of hypercortisolaemia with cystic fibrosis has been reported.
